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ANODIC OXIDATION OF ETHYLENEDIAMINETETRAACETIC 
ACID ON Pt IN ACID SULFATE SOLUTIONS 
Howard Ho-W ei Jiang 
Department of Chemical Engineering and 
Graduate Center for Materials Research 
University of Missouri-Rolla 
Roll a I M is so uri, U . S . A. 
Abstract 
The anodic oxidation of EDTA was studied in acid sulfate solutions 
0 
on platinized-Pt at 2 5 C. Polarization relationships were obtained for 
-5 -3 
the EDTA concentration range 3. 42 x 10 to 3. 42 x 10 M and pH range 
0. 35 to 3. 80. Numerous reaction products were identified that indicated 
a sequential removal of acetate groups from the EDTA 1 each by an initial 
decarboxylation followed by a reverse Schiff-type reaction I that produced 
formaldehyde and the corresponding amine. A reaction sequence which 
correlated the experimental data involved Frumkin-type adsorption of the 
EDTA species through an unionized acetate group followed by a rate-
determining electrochemical decarboxylation. 
Introduction 
Ethylenediaminetetraacetic acid 1 commonly abbreviated "EDTA" I 
forms very stable I water-soluble complexes with many metals ions. 
Due to this I studies involving EDTA have dealt mainly with complex 
formation and associated analytical and industrial applications. A few 
reports have been concerned with electrochemical aspects. One I a 
polarographic investigation of the products of the anodic oxidation of 
l 
EDTA on Pt in alkaline solutions I was made by Kopeck' a The overall 
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In another, Reishakhrit et al. I studied the oxidation of EDTA on a Pt 
rotating-disk anode and found increases in the limiting currents with 
pH. Shifts in the polarization curves with pH were attributed to shifts 
in the dissociation equilibrium. With carbon paste indicator electrodes, 
3 
Kitagawa and Tsushima reported a single anodic wave for EDTA in acidic 
media with E / = 0. 9 3V (vs. SCE). 
p 2 
The presence of EDTA during electrochemical processes (e.g. , 
corrosion, metal dissolution, metal deposition, etc.) is not uncommon. 
Thus I it is of interest to know if EDTA itself is reactive. The purpose 
of this investigation was to determine if it could be oxidized on plati-
nized platinum, and if so, to obtain information about the electrochemical 
3 
reaction kinetics. The investigation included polarization measurements 
in acid sulfate solutions of various pH 1 the determination of reaction 
products and coulombic efficiency for CO production I and the effect of 
2 
temperature on the reaction rate. 
Experimental 
The electrolyses were carried out in the usual H-cell (400 ml 
capacity). All solutions employed analytical grade chemicals and 
conductivity water. Prepurified nitrogen was bubbled through the 
electrolyte to provide an inert atmosphere and for stirring. A constant 
3 
flow rate (50 em /min STP) was maintained through the anode compartment. 
The electrodes consisted of 52-mesh Pt gauze folded on Pt wire frames 
for support. They were platinized using a platinum chloride solution to 
which a trace of lead acetate had been added. The anode had a geomet-






each experiment as described previously . 




+ Na 2so 4 solutions 
(pH 0. 35-4. 0) in which the sulfate concentration was kept constant at 
-5 
unit normality. The EDTA concentration was varied from 3. 42 x l 0 to 
-3 
3. 4 2 x l 0 M. The polarization measurements were made potentiostat-
ically. A Hg/Hg SO (l N H S0
4
) reference electrode was used in 
2 4 2 
conjunction with a salt bridge of the same electrolyte as in the cell. 
The potentials are reported vs. the standard hydrogen electrode (SHE) at 
4 
25°C. Reaction products were determined by standard qualitative 
analyses and paper electrophoresis. All studies were carried out at 
0 
25 C except as noted. 
Results 
Polarization Measurements. The rest potentials, Tafel slopes, and 
limiting currents from the polarization studies are summarized in Tab. I. 
The rest potentials and limiting currents were affected by the N 
2 
bubbling 
rate (the rest potentials decreased and limiting currents increased with 
increasing bubbling rate). There was no effect on currents in the linear 
Tafel region. All reported data were taken with the constant N 2 bubbling 
rate mentioned above. Steady currents at a given potential were obtained 
within about 25 minutes and remained quite stable for hours. Individual 
points were reproducible within +10%. 
Semi-logarithmic plots of the polarization curves are shown in 
Fig. 1. There are linear sections in the potential regions slightly above 
the rest potentials, with slopes varying from 10 5 to 130 mV. The 
limiting current region was reached at potentials of about 0. 9 5V (SHE). 
No pronounced passivation regions were found. 
-2 . -1 
Two basic solutions, 3.42 x 10 and 1.028 x 10 M EDTA in 1 N 
NaOH, were also investigated. The polarization curves are shown in 
Fig. 2. Very small limiting currents were reached at potentials 
immediately above the rest potentials. Visible oxygen evolution 
TABLE I 
REST POTENTIALS 1 TAFEL SLOPES 1 AND LIMITING CURRENTS FOR THE ANODIC OXIDATION 
OF EDTA IN ACID SULFATE SOLUTIONS ON Pt AT 25°C 
Electrolyte Concentration Rest Tafel Limiting 
pH 
Potential Slope Current 
EDTA 1 M x 10 
4 H2so4 1 N Na 2so4 , N volts (SHE) volts amp/cm
2 x 10 5 
3.42 l. 00 - 0. 35 0.803 0.125 1.9 
l. 027 l. 00 - 0.35 0.842 0.130 1.1 
0·. 342 l. 00 - 0.35 0.889 0.120 0.65 
3.42 0.100 0.900 l. 78 0.660 0.130 8.7 
l. 027 0.100 0.900 l. 78 0.698 0.130 2.0 
13.7 0.010 0.990 2.74 0.650 0. 115 13 
3.42 0.010 0.990 2.78 0.679 0.110 3.7 
1. 0 27 0.010 0.990 2.80 0.700 0. 110 1.9 
0.342 0.010 0.990 2.72 0.730 0. 120 0.96 
34.2 0.001 0.999 2.93 0.623 0.120 30 
13. 7 0.001 0.999 3.10 0.652 0.105 20 
3.42 0.001 0.999 3.59 0.648 0.110 3.4 
l. 027 0.001 0.999 3.72 0.645 0. 110 1.7 
0.342 0.001 0.999 3.80 0.665 0.120 0.65 
Ul 
occurred at potentials above 0. 78V. 
Reaction Products. Qualitative analyses showed the anodic 
oxidation products of EDTA to be quite numerous. A positive test for 
CO
2 
was obtained by pas sing the N 
2 
purge through a saturated Ba (OH) 
2 
5 
solution where a white precipitate (BaCO ) was formed Formaldehyde 
3 
was detected by determining the melting point of a yellow precipitate 
formed upon addition of a saturated solution of 2 I 4-dinitrophenylhydra-
. 6 
z1ne . Other products in the electrolyte were determined by paper 
6 
. 7 
electrophores1s I the results of which are shown schematically in Fig. 3. 
Quantitative measurements of C0
2 
production were made galvanostatical-
-3 -3 




+ 0.999 N Na
2
so4 at 
potentials in the linear Tafel region. The average efficiency based on 
eq . 1 was 1 2 4 + 6% . 











in Fig. 4 for potentials of 0. 76 and 0. 86 V (SHE). The slopes of the two 
straight lines yielded activation energies of 18. 4 and 17. 0 Kcall 
respectively. These further give an effect of potential on the activation 
energylaEa/aV~ of ca. -14 Kcal/volt which is consistent with the Tafel 
slopes. 
Discussion 
Limiting Currents. An initial consideration of the limiting (potential-
7 
independent) currents I i
1 
I from -the polarization curves indicated them to 
be of the same order of magnitude as diffusion currents. However I the 
expected first order dependence between current and concentration was 
not found when the total EDTA concentration was used. This I together 
with the absence of reaction prior to o. e. in basic solutions I suggested 
that some EDTA specie (or species) might be preferentially participating. 
It is well known that EDTA engages in various equilibria with hydrogen 
-1-2 




to L . Constants for these equilibria have been reported and are shown 
below with their corresponding equations. 
{-2 _j_ + I 
(2) H
6
L =H + H 5L pKl = -0.12 
+ + 
H L - H + H
4





L -- H + H
3
L pK = 2.2 
3 
- -1- -2 
pK4 2.3 (5) H 3
L - H -+- H 2L 
...:: 
H L - 2 
-:- HL- 3 6.28 ( 6) - H + pK5 = 2 
-3 -\-
HL = H +-
-4 
L pK6 8.85 (7) 
There is a considerable variation in the values of these constants reported 
by various investigators. All the above values were from a single source I 
8 
those reported by von G. Anderegg The concentrations of each of the 
EDTA species in all the electrolytes were calculated and are shown in 
Tab. II. The hydrogen ion activities used in the calculations were 
* With this symbolic representation I H 4L - unionized EDTA. 
TABLE II 
Concentrations of EDTA Species in Acid Sulfate Solutions at 25°C 
(H4L)o (H L+
2) + (H 3L ) 
-2 
(HL - 3) (L -4) pH aH+ 6 (H 5L ) (H4L) (H 2L ) 
M M M M M M M M 
0.35 0.447 3.422x10-4 8.112x10-5 2.394x10 -4 2.134x10- 5 3.014x10 -7 3,382x10 
-9 . -15 -23 3.973x10 1.256x10 
0.35 0.447 1.027x10 -4 2.434x10 
-5 
7.182x10 -5 6.401x10 -5 9.042x10 -8 1.1 08x10 -9 1.192x10-15 3. 764x1o- 24 
0.35 0.447 3,422x1o-5 -6 -5 2,134x10-6 3.014x10-8 3.382x1o- 10 3.973x10-16 1.256x1o- 24 8. ll2x10 2.394x10 
1. 78 
-2 -4 -7 -5 -4 -5 -5 -10 -17 1.660x10 3,422x10 9.367x10 7,440x10 1.785x10 6.786x10 2.049x10 6.480x10 5.516x10 
l. 78 
-2 -4 
1.660x10 1.027x10 2.810x10 
-7 2.232x10 -5 5.354x10-5 2.036x1o-5 6,148x1o- 6 1. 944x1 o-1 0 1. 655x1 o- 17 
2.74 1.820x10 -3 1.369x10 -3 6. 140x10 
-9 
4.448x10 -6 9. 7 32x10-5 3.374x10-4 9.293x10-4 
-7 -13 2.680x10 2.080x10 
2.78 1.660x10 -3 3.422xl0 




7.967x10 -5 2.406x10-4 7.608xl0-8 6.476xlo-
14 
1. 585x10- 3 l. 027x10-4 
-10 -7 -6 -5 -5 -8 -14 
2.80 2.789x10 2.320x10 5.828x10 2.320x10 7.337x10 2.429x10 2.165x10 
-3 -5 -10 -7 -6 -6 -5 -9 -15 
2. 72 1. 906x10 3.422x10 1.811x10 1.253x10 2.618x10 8.668x10 2.280x10 6.280x10 4.655x10 
2. 93 
-3 -3 -9 -6 




2.674x10 -3 1.194x10-6 1.436x1o- 12 
3.10 
-4 -3 7.943x10 1.369x10 
-10 -7 
2.784x10 4.620x10 2.315x10 
-5 l. 839x10 
-4 




-4 -13 -9 




3,242x10 -4 6. 619x10-7 3. 638x1o- 12 
-4 -4 -14 -10 -7 -6 9.852x10- 5 -7 -12 3. 72 l. 906x10 1.027x10 7.826x10 5.414x10 1.131x10 3. 746x10 2 . 714x 1 0 2 , 0 1 2x 1 0 
-4 -5 -14 -10 -8 -6 -5 -7 -13 
3.80 l. 585x10 3.422x10 1.256x10 1.045x10 2,624x10 1. 045x10 3,304x10 1.094x10 9.750x10 
co 
9 
evaluated directly from the measured pH. For all other species I the 
activities and concentrations were assumed equal. 
A comparison of the limiting currents with concentrations of the 
individual species (Tables I and II) shows that no single specie can 
account for the reaction over the entire region studied. Various 
combinations of species were tried and the one most successful in 
correlating the data was the summation of the concentrations of the 
+ - -2 -3 
species H
5




L I H 2L I and HL . A log-log plot of i1 
vs. 
* C E is shown in Fig. 5 with a straight line of unit slope drawn through 
the points. Although there is a great deal of scatter I the trend is 
correct and covers the entire concentration range. A least squares 
analysis of the data gives a slope of 0. 8 + 0. 1. 
Product Analyses. The product analyses suggest that the oxidation 
of EDTA proceeds along at least two paths. Such a reaction scheme is 
shown in Fig. 6 for which all the species were identified with the 
exception of ED 3A I 3-KP I U -KP I and S-KP. The paper-electrophoresis 
method used was not sensitive to the latter three I and according to 
7 
Doran I the cyclization of ED3A to 3-KP is so extensive in acid solutions 
that ED3A cannot be detected. Separate studies have indicated that 
equilibria are reached in the other cyclization reactions (U-KP ~ U-EDDAI 
S-KP ~ S-EDDA 1 and 2-KP ;! EDMA) in which appreciable quantities of 




9 F h d ot species exist . rom t e pro uct distribution I it appears that each 
decarboxylation step is a separate electrochemical reaction that gives a 
desorbed product capable of further similar reactions I as long as acetate 
groups are available. This indicates adsorption through the carboxylate 
group with a Hofer-Moest-type reaction 10 occurring which involves an 
electron transfer and decarboxylation. The resulting -N-CHz radical 
would react readily with water to give -N-CH
2
0H which is unstable I 
and through a reverse Schiff-type reaction I produces formaldehyde 
ll 
leaving -NH
2 This latter reaction is primarily a homogeneous one 
and would give opportunity for an electron transfer to occur that does 
not necessarily involve the electrode. This is consistent with the high 
* CO
2 
faradaic efficiency based on eq. l. If adsorption had occurred 
through bonding with the nitrogen 1 one would expect both acetate groups 
to be removed before desorption with only U-EDDA and EDA as products 
and a near 100% efficiency for C0
2 
production (based on eq. l). 
Rest Potentials. According to the reaction scheme shown in Fig. 6 
and discus sed in the above section I the initial electrochemical reaction 
is between EDTA and the precursor to ED3A and involves only one 
electron. (The proceeding reactions will become significant only when 
sufficient current has passed so that appreciable quantities of the 
*During long-term runs such as used for the efficiency measurements 1 
enough formaldehyde may have been produced that its anodic oxidation 
on Pt also contributed to the C0 2 production. 
ll 
subsequent reactants are produced.) Thus I the measured rest potentials 
may reflect the reaction: 
Ac Ac ...... .,.. 
N-(CH ) -N 




· ' / N-(CH ) -N .,.. 2 2 ...... 
Ac Ac 
+ 
+ C0 2 + H + e (8) 
Although the C0 2 and ED3A precursor (R") concentrations are not known 
and their standard free energies of formation are not available to allow a 
comparison of the rest and calculated potentials I the Nernst equation 
will allow a test of the effect of EDTA concentration and pH on the 
potential. At 25°C I the relation is: 
Assuming aH 0 I aR. , and a CO constant and aEDTA = C E gives: 2 2 
(C:r; is the concentration of the species as mentioned previously.) A 
plot of Erest vs. log (CE/aH +_) is shown in Fig. 7. The relationship is 
linear and has a slope of 55 mV I in good agreement with that predicted 
by eq. 10. 
Polarization Curves. The oxidation of EDTA is seen to occur at 
(9) 
(l 0) 
potentials somewhat more positive than those for other organic compounds 
where C0
2 
is produced (exclusive of Kolbe-type syntheses). For 
4 
example in l N H
2
SO4 1 ethylene oxidizes in the potential region from 
ca. 0. 35 to 0. 75 V; formic acid
12 
I 0.15 to 0. 45 V; oxalic acid13 I 0. 5 
to 0. 8 V; and maleic acid 
14 
I 0. 35 to 0. 60 V. Acetic acid has been 
12 
reported not to be reactive
15
. In the majority of these cases I adsorption 
of the organic species was thought to involve the formation of bonds 
between C and Pt atoms I and passivation was observed between the 
upper potential limit for the organic oxidation and that for the commence-
ment of oxygen evolution. The passivation ordinarily occurred in the 
region where EDTA has been found to be oxidized. This absence of 
passivation with EDTA indicates a different type of adsorption bonding 
that can presumedly take place on an oxide covered surface. Considering 
the apparent step-wise decarboxylation I the adsorption reaction thus 
appears to involve the carboxylate group and the electrode surface. 
The Tafel slopes of ca. 120 mV or 2 (2. 3RT/F) 1 are ones frequently 
encountered in electrochemical kinetic studies and normally associated 
with first-electron-transfer rate determining steps. The concentration 
and pH effects were unusual in that they were both fractional and 
approximately equal. The EDTA concentration effect (reaction order) was 
fairly well defined as 0. 3 6 from the experiments in l N H
2
SO 4 where the 
pH was constant. It should be noted from Tab. I for l N H 2SO 4 
that the 
fraction of EDTA forming any of the individual species is independent of 
the initial EDTA concentration. Thus 1 the same reaction order (- 0. 3 6) 
would be found for any individual of combination of EDTA species. By 
a trial and error procedure 1 it was found that a pH effect also of 0. 36 in 
13 
conjunction with the concentration of EDTA species, CE, best correlated 




is shown in Fig. 8 for 
the entire EDTA concentration and pH region of the study. The line of 
unit slope drawn through the points show the data to be reasonably well 
correlated. This gives an empirical expression for the current as: 
(11) 
Reaction Mechanism. From the preceeding, several qualitative 
conclusions can be drawn about the reaction mechanism: 
(1) The rds involves EDTA species or species derived therefrom since 
the concentration effect is positive. 
(2) The fractional concentration effect indicates that the EDTA species 
are adsorbed and that significant, although not complete, coverages 
are involved. 
+ 
(3) The positive pH effect indicates OH as a reactant or H as a 
product during or prior to the rds. Since the OH concentration is 
very small, the latter case would be the most probable and would 
necessarily occur in an equilibrium step prior to the rds. 
(4) From the product analyses, there appears to be separate step-wise 
overall reactions involving the acetate groups on EDTA, each of 
which yields CO 2 , CH 2 
0, and 2 electrons. From the rest potential 
and co 2 efficiency studies, it further appears that only one of the 
electrons is transferred to the faradaic circuit during the reaction 
that directly involves C0 2 production from the acetate group of the 
14 
EDTA species. 
(5) From the concentration correlations for both the current and rest 
potentials I the pH effect 1 and the absence of reaction in basic 
solutions where L - 4 is the predominant species I it appears that 
an unionized carboxyl group is involved in the initial reaction. 
(6) The occurrence of the reaction in a potential region where the anodic 
oxidation of ethylene 1 acetylene 1 etc. is passivated indicates that 
water discharge is not involved. 
With these considerations 1 the initial electrochemical sequence (EDTA 
* ED 3A I Fig. 6) can be represented as follows : 
Ac 
I 




-COO-(ads) + H+ 
Ac f?.c -
R-N-CH 2-COO (ads) -+ 
I • 















R-N-H + CH 20 





anode and contribute to the faradaic process or be removed by some non-
electrochemical reaction causing the CO
2 
efficiency (based on eq. l) to 
* Species shown in these reactions are non-adsorbed unless otherwise 
indicated. 
15 
be increased. The ED3A thus produced can participate further in the 
sequence as shown in Fig. 6. 
The type of adsorption (e.g., Langmuir, Temkin, etc.) as well as 
the nature and position of the rds in a reaction sequence can affect the 
associated kinetic parameters. For Langmuir-type adsorption, a first 
electron transfer rds is normally associated with the Tafel slope of 120 
mV. For this case (reaction 13 above), an EDTA concentration effect 
either close to zero or unity should be observed for conditions where 
this type adsorption is applicable, i.e., either high or low coverages. 
This does not appear to be the case. 
The Temkin isotherm is often assumed for intermediate coverages 
when lateral interactions between adsorbed species are appreciable. 
For EDTA with the same rds (reaction 13) 1 Temkin-type adsorption gives 





These concentration effects are reasonablY close to the observed values 
although 0. 5 gives a poorer correlation than the value of 0. 36 illustrated 
in Fig. 8. The use of the Frumkin isotherm allows a better correlation, 
primarily due to the added adjustable parameter associated with the 
f f f d . . h 16 variation o ree energy o a sorpt1on w1t coverage This isotherm 
takes into account long-range interactions between adsorbed species 
which may be especially applicable due to the geometry of the EDTA 
molecule. Its application to the present case is as follows: 
From reaction l 2 I 
16 
Assuming quasi-equilibrium and the effect of coverage to be predominate-
ly controlled by the exponential terms gives: 
(1 7) 
From the rate determining step 1 reaction 13: 
i = nFk13eR. exp{CiFV/RT) exp{~8/RT) (18) 
Again assuming the exponential term to dominate the effect of coverage 
and substituting eq. {17) into eq. (18) 1 
(19) 
The term f3/f can be made equal to 0. 36 by assigning the appropriate 
value to the adjustable parameter f. For the present case 1 f would equal 
l. 4 (assuming /3 = 0. 5). 
17 
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CAPTIONS FOR FIGURES 
1. Polarization curves for EDTA oxidation on Pt in acidic sulfate 
solutions at 25°C. 
-4 (8 1 3. 42xl0 M EDTA in 1 N H 2so4 ; ·~ 
-4 -5 
1.027xl0 M EDTA in 1 N H 2S04
; •~ 3.42xl0 M EDTA in 1 N 
A -4 
H 2so4 ; .La1 3.42xl0 M EDTA in 0.1 N H 2S04+0.9 N Na 2so4; ~~ 
-4 '\7 -3 
1.027xl0 M EDTA in 0.1 N H
2
S04+0.9 N Na 2so4 ; v1 1.37xl0 M 








; 0~ 3.42xl0-4 M EDTA in 
-4 0.01 N H
2
S04+0.99 N Na 2
S0
4
; £~ l.027xl0 M EDTA in 0.01 N 






; v, 3.42xl0 M EDTA in 0.001 N H 2S04+0.999 N 
-4 . 
Na 2so4 ; ~, l.37xl0 M EDTA 1n 0.001 N H 2so4+0.999 N Na 2so4; 
0 -4 . I 3.42xl0 M EDTA 1n 0.001 N H 2so4+0.999 N Na 2so4 ; •~ 
-4 
l. 027xl0 M EDTA in 0. 001 N H 2S04+0. 999 N Na 2so4 ; 0~ 
-5 
3. 42xl0 M EDTA in 0. 001 N H 2S04 +o. 999 N Na 2S04). 
2. Polarization curves for EDTA oxidation on Pt in basic solutions at 
0 2 -1 25 C. ( 0 I 3. 42xl0- M EDTA in 1 N NaOH; 6, l. 027xl0 M 
EDTA in 1 N NaOH). 
3. Products of EDTA oxidation on Pt in acidic sulfate solutions at 25°C. 
(A) Standard tape. (B) 3. 42xl0- 4 M EDTA in 1 N H 2so41 polarized at 
1. 2xl0-4 amps for 83 hrs. (C) 3.42xl0-4 M EDTA in 0. 01 N H 2so4 , 
polarized at l.lxl0-3 amps for 75 hrs. Electrophoretic separation in 
1 M acetic acid at 5 rna for 4 5 minutes, color developed with 
ninhydrin: horizontal hatch 1 purple bands; diagonal hatch 1 yellow 
20 
bands. Bands: l. IMDA and ED3A (Iminodiacetic acid and Ethylene-
dinitrilotriacetic acid) 2. S-EDDA and U-EDDA (N,N'-Ethylene-
diglycine and N IN-Ethylenediglycine) 3. GL (Glycine) 4. S-KP 
(2-0xo-1-piperazineacetic acid) 5. EDMA (N-(2-Aminoethyl)glycine) 
6. 2-KP (2-0xopi perazine) 7. EDA (Ethylenediamine). 
4. Effect of temperature on current for oxidation of 3. 42xl0- 3 M EDTA in 
0.001 N H 2so4 +0.999 N Na 2so 4 on Pt. (01 0. 76 volts; 6~ 0.86 
volts). 
5. Limiting currents for EDTA oxidation on Pt in acidic sulfate solutions 
6. Suggested reaction scheme for EDTA oxidation on Pt in acidic sulfate 
0 
solutions at 25 C. ( t 1 Representative of any of the reactive species; 
~ 1 species identified by paper electrophoresis 1 bands shown in 
Fig. 3). 
7. Rest potentials for EDTA on Pt in acidic sulfate solutions at 25°C. 
8. Effect of concentration and pH on current for EDTA oxidation on Pt 
0 
in acidic sulfate solutions at 25 C. 
-w 
::J: 
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U·KP +H2o l-co2, CH2o, H+, e· S-KP 
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The following is a list of the major materials used in this investi-
gation. 
1. Ethylenediaminetetraacetic Acid. Reagent grade, meets ACS 
specifications. Mallinckrodt Co. , St. Louis, Mo. 
30 
2. Sulfuric Acid. Reagent grade, meets ACS specification. Fisher 
Scientific Co., FairLawn, N.J. 
3. Sodium Sulfate. Reagent grade, meets ACS specification. 
Fisher Scientific Co. , Fair Lawn, N. J. 
4. Ascarite. Bto 20mesh, ArthurH. Thomas Co., Philadelphia, Pa. 
5. Barium Hydroxide. Reagent grade, meets ACS specification. 
Fisher Scientific Co., FairLawn, N.J. 
6. Sodium Hydroxide. Reagent grade, meets ACS specification. 
Fisher Scientific Co. , Fair Lawn, N. I. 
7. Nitrogen. Prepurified grade, Matheson Co., Joliet, Ill. 
APPENDIX B 
EQUIPMENT 
The following is a list of the principal equipment components used 
in this investigation. 
l. PowerS1d.f!.Q!y. 0-500 v, 0-100 rna, Model711A, Hewlett-
Packard Company, Palo Alto, California. 
2. Power Supply. 0-500 v, 0-10 amps, No. GT200.10, Gates 
Electronics Company, New York, N. Y. 
3. Potentiostat. -wenking No. 6356TR, Brinkman Instruments, 
Great Neck, N. Y. 
31 
4. Electrometer. Model 610B, Keithy Instruments, Inc., Cleveland, 
Ohio. 
5. Ammeter. Ultra high sensitivity volt-ohm-microammeter, Model 
269, Simpson Electric Co., Chicago, Illinois. 
6. Power Resistor. Model 240-C, Clarostat Mfg. Co., Inc., Dover, 
N. H. 
7. Recorder. V.O.M.-5, Bausch and Lomb, Inc., Rochester, N.Y. 
8. Temperature Controller. Proportional Temperature Controller, 
Model 2 2, Fisher Scientific Co. , Pittsburgh, Pa. 
9. pH Meter. Model 19, Fisher Scientific Co., Pittsburgh, Pa. 







THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC 
-4 
OXIDATION OF 3. 42xl0 M EDTA IN l N H 2so4 
(pH= 0. 35) AT 25°C ON PLATINIZED Pt* 
** Ix10 6 ixl0 6 E E 
volts (NSE) volts (SHE) amp amp.cm- 2 
-0.133 0.803 0.00 0.00 
-0.160 0.830 4.90 0.426 
-0.180 0.850 9.00 0.782 
-0.200 0.870 13.3 l. 16 
-0.220 0.890 19. 5 l. 69 
-0.240 0.910 26.5 2.30 
-0.280 0.950 59.0 5.13 
-0.320 Q.990 180 15.7 
-0.340 l. Ol 260 22.6 
-0.360 l. 03 180 15.7 
-0.400 l. 07 200 17.4 
-0.500 l. 17 230 20.0 
-0.600 l. 27 205 17.5 
-0.750 l. 42 150 13. l 
-0.870 l. 54 230 20.0 
-0.930 l. 60 420 36.5 
Area of the electrode = ll. 5 em 
2 
E = E f - E 1 where E f = 0. 67 v re m re 
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TABLE IV 
THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC 
OXIDATION OF 1. 027x10-4 M EDTA IN 1 N H 2so4 
(pH= 0. 35) AT 25°C ON PLATINIZED Pt* 
E E** Ix10
6 . 6 
1X10 
volts (NSE) volts (SHE) amp amp. em -2 
-0.174 0.844 0.00 0.000 
-0.190 0.860 10.5 0.913 
-0.200 0.870 15.0 l. 30 
-0.210 0.880 19.0 l. 65 
-0.220 0.890 23.0 2.00 
-0.230 0.900 27.0 2.35 
-0.250 0.920 39.0 3.40 
-0.270 0.940 55.0 4.78 
-0.290 0.960 82.0 7. 13 
-0.310 0.980 124 10.8 
-0.330 l. 000 185 16.1 
-0.350 l. 020 130 11. 3 
-0.380 1.050 130 11.3 
-0.410 1.080 130 11. 3 
-0.440 l. 110 120 10.4 
-0.500 l. 170 110 9.60 
-0.570 1.240 110 9.60 
-0.650 1.320 100 8.70 
-0.730 1.400 95.0 8.26 
-0.790 1.460 70.0 6. 10 
-0.850 l. 520 160 12.8 
-0.880 l. 550 240 20.9 
-0.910 1.580 350 30.4 
-0.930 1.600 410 35. 6 
* Area of the electrode = 11. 5 em 2 




THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC 
OXIDATION OF 3.42xl0-5 M EDTA IN l N H 2so4 




volts (NSE) volts (SHE) amp amp. cm- 2 
-0.219 0.889 0.00 0.00 
-0.230 0.900 8.00 0. 696 
-0.250 0.920 18.0 l. 57 
-0.270 0.940 20.0 l. 74 
-0.290 0.960 38.0 3.04 
-0.310 0.980 51.0 4.43 
-0.330 l. 00 65.0 5.65 
-0.350 l. 02 70.0 6.10 
-0.370 l. 04 75.0 6.52 
-0.390 l. 06 59.0 5.14 
Area of the electrode = ll. 5 em 2 






THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF 3.42x10-4 M EDTA IN 0.1 N H 2so4 + 0.9 N Na 2so4 
(pH = 1. 78) AT 25°C ON PLATINIZED Pt* 
E E** Ix10 6 ix10 6 
volts (NSE) volts (SHE) amp amp. cm- 2 
0.010 0.660 0.00 0.00 
0.000 0.670 0.50 0.0435 
-0.010 0. 680 l. 30 0.113 
-0.030 0.700 3.30 0.287 
-0.050 0.720 5.50 0.478 
-0.080 0.750 9.90 0.862 
-0.110 0.780 18.0 l. 565 
-0.140 0.810 27.0 2.35 
-0.170 0.840 40.0 3.48 
-0.200 0.870 63.0 5.48 
-0.230 0.900 104 9.05 
-0.250 0.920 160 13.9 
-0.270 0.940 260 22.4 
-0.290 0. 960 400 34.8 
-0.310 0.980 620 53.9 
-0.330 l. 00 1,000 87.0 
-0.350 l. 02 1,200 104 
-o. 4 30 l. 10 850 73.9 
Area of the electrode = 11. 5 cm2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF 1.027x10-4 M EDTA IN 0.1 N H 2so4 + 0.9 N Na 2so4 
(pH = 1. 78) AT 25°C ON PLATINIZED Pt* 
E E** Ix10 
6 
ix10 6 
volts (NSE) volts (SHE) amp amp. cm-2 
-0.028 0.698 0.00 0.00 
-0.040 0.710 0.70 0.0608 
-0.050 0.720 l. 30 0. 113 
-0.070 0.740 3. 10 0.270 
-0.090 0.760 4.90 0.427 
-0.110 0.780 7.70 0.669 
-0.130 0.800 10.9 0.948 
-0.150 0.820 15.0 1.304 
-0.170 0.840 19.0 l. 65 
-0.190 0.860 27.0 2.35 
2.96 
-0.210 0.880 34.0 
-0.230 0.900 48.0 4.17 
-0.250 0.920 74.0 6.44 
-0.270 0.940 110 9.57 
-0.290 0. 9 60 160 13.5 
-0.310 0.980 220 19. 1 
-0. 330 l. 00 240 20.9 
-0.390 l. 06 220 19. 1 
-0.430 l. 10 200 17.4 
Area of the electrode = 11.5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
-3 
OF l. 37x10 M EDTA IN 0.01 N H 2so4 + 0.99 N Na 2so4 
(pH= 2. 74) AT 25°C ON PLATINIZED Pt* 




volts (NSE) volts (SHE) amp amp. cm- 2 
0.020 0.650 0.00 0.00 
0.010 0.660 0.600 0.0522 
0.000 0.670 l. 40 0. 122 
-0.010 0.680 2.50 0.217 
-0.030 0.700 4.80 0.417 
-0.050 0.720 7.70 0.670 
-0.070 0.740 12.2 l. 06 
-0.090 0.760 17.0 l. 48 
-0.110 0.780 26.0 2.26 
-0.130 0.800 39.0 3. 39 
-0.150 0.820 58.0 5.04 
-0.170 0.840 88.0 7.65 
-0.190 0.860 131 11. 4 
-0.220 0.890 250 21.7 
-0.270 0.940 810 70.4 
-0.300 0.970 1,250 109 
-0.360 l. 03 1,300 113 
-0.410 l. 08 1,100 95.7 
-0.480 l. 15 950 82.6 
-0.570 l. 24 800 69. 6 
-0.670 l. 34 600 52.2 
-0.770 l. 44 580 50.4 
-0.850 l. 52 740 64.4 
-0.910 l. 58 950 82.6 
-1.000 l. 67 1,280 111 
Area of the electrode = 11. 5 em 2 
E = E - E , where E f = 0. 67 v 
ref m re 
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TABLE IX 
THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
-4 OF 3.42x10 M EDTA IN 0.01 N H 2so4 + 0.99 N Na 2so4 




volts (NSE) volts (SHE) amp amp. cm- 2 
-0.009 0.679 0.00 0.00 
-Oo020 0.690 0.60 Oo0522 
-0.030 0.700 l. 40 0.122 
-Oo040 0.710 2.30 0.200 
-0.050 0. 720 3.40 0.296 
-0.070 0.740 6.00 0.522 
-0.090 0.760 9.80 0.852 
-0.110 0.780 15.0 l. 30 
-0.130 0.800 23.0 2.00 
-Oo150 0.820 33.0 2.87 
-Oo170 0.840 49.0 4o26 
-Oo190 0 0 860 77.0 6.70 
-Oo210 Oo880 126 10 0 9 5 
-0.230 0.900 220 19. 1 
-0 0 2 50 Oo920 340 29.6 
-Oo270 0.940 520 45.3 
-0.290 0.960 410 35. 6 
-0.340 l. 010 310 27.0 
-0. 4 30 1o100 300 26.1 
-0.580 1.250 180 15.7 
-0.730 l. 400 190 16. 5 
-0.930 1.600 900 78o3 
-l. 100 l. 770 3,300 287 
-1.300 l. 970 37,000 3,220 
* Area of the electrode = 11. 5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF l.027xl0-4 M EDTA IN 0.01 N H 2so4 + 0.99 N Na 2so4 
(pH= 2. 80) AT 25°C ON PLATINIZED Pt* 
E E** Ixl 0-
6 ixl0- 6 
volts (NSE) volts (SHE) amp amp. cm- 2 
-0.030 0.700 0.00 0.00 
-0.040 0.710 0.80 0. 0 69 6 
-0.050 0.720 l. 70 0.148 
-0.060 0.730 2.60 0.226 
-0.080 0.750 4.80 0.417 
-0.100 0.770 7.70 0.670 
-0.120 0.790 ll. 8 l. 03 
-0.140 0.810 19.0 l. 65 
-0.160 0.830 27.0 2.35 
-0.180 0.850 42.0 3.65 
-0.200 0.870 64.0 5.57 
-0.220 0.890 lOS 9.13 
-0.240 0.910 160 13.9 
-0.260 0.930 220 19. l 
-0.280 0.950 210 18.3 
-0.350 l. 02 160 13.9 
-0.450 l. 12 120 10.4 
-0.570 l. 24 95.0 8.26 
-0.690 l. 36 90.0 7.83 
-0.770 l. 44 200 17.4 
-0.830 l. 50 310 27.0 
-0.880 l. 55 610 53.0 
-0.930 l. 60 1,100 95.6 
Area of the electrode = ll . 5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF 3.42xlo-5 M EDTA IN 0.01 N H 2so4 + 0.99 N Na 2so4 
(pH= 2. 72) AT 25°C ON PLATINIZED Pt 
E E** Ixl0 6 ixl0 6 
volts (NSE) volts (SHE) amp amp. cm- 2 
-0.060 0.730 0.00 0.00 
-0.070 0.740 0.90 0.0783 
-0.080 0.750 l. 60 0.139 
-0.086 0.756 2.40 0.209 
-0.090 0.760 3.00 0.261 
-0.110 0.780 4.60 0.400 
-0.130 0.800 6.80 0.592 
-0.150 0.820 9.50 0.826 
-0.170 0.840 13.6 l. 18 
-0.190 0.860 20.0 l. 74 
-0.210 0.880 31.0 2.70 
-0.230 0.900 47.0 4.08 
-0.250 0.920 68.0 5. 9 2 
-0.270 0.940 92.0 8.00 
-0.290 0.960 110 9.56 
-0.310 0.980 105 9. 14 
-0.370 l. 04 62.0 5.40 
-0.430 l. 10 46.0 4.00 
Area of the electrode = ll. 5 em 2 
E=E - E m' 






THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANIDIC OXIDATION 
OF 3.42x10- 3 M EDTA IN 0.001 N H 2S04 + 0.999 N Na 2S04 




volts (NSE) volts (SHE) amp amp. cm- 2 
0.047 0.623 0.00 0.00 
0.030 0.640 0.80 0. 0 69 6 
0.020 0.650 l. 90 0.165 
0.010 0.660 3.20 0.278 
-0.010 0.680 6. 10 0.530 
-0.030 0.700 9.50 0.826 
-0.050 0.720 13.5 1. 174 
-0.070 0.740 19.0 l. 65 
-0.090 0.760 27.0 2.35 
-0.110 0.780 41.0 3.56 
-0.130 0.800 59.0 5. 13 
-0.150 0.820 87.0 7.56 
-0.170 0.840 133 11. 6 
-0.190 0. 8 60 220 19. 1 
-0.210 0.880 370 32.2 
-0.230 0.900 670 58.3 
-0.250 0.920 1,100 95.7 
-0.270 0.940 1,900 165 
-0.290 0.960 2,800 244 
-0.310 0.980 3,200 278 
-0.370 l. 04 3,100 270 
-0.430 l. 10 2,500 217 
- 2 Area of the electrode - 11. 5 em 
E = E - E , where E f = 0. 67 v 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF 1. 37x10- 3 M EDTA IN 0. 001 N H 2SO4 
+ 0. 999 N Na 2SO 4 




volts (NSE) volts (SHE) amp amp. cm-2 
0.018 0.652 0.00 0.00 
0.000 0.670 2.10 0.183 
-0.010 0.680 3.20 0.278 
-0.030 0.700 5.80 0.504 
-0.050 0.720 9.30 0.810 
-0.070 0.740 14.5 l. 26 
-0.090 0.760 23.0 2.00 
-0.110 0.780 35.0 3.04 
-0.130 0.800 53.0 4.61 
-0.150 0.820 83.0 7.22 
-0.170 0.840 132 11. 5 
-0.190 0.860 220 19.1 
-0.210 0.880 370 32.2 
-0.230 0.900 620 54.0 
-0.250 0.920 950 82.6 
-0.270 0.940 1,400 122 
-0.290 0. 960 1,900 165 
-0.330 l. 00 2,400 209 
-0.390 l. 06 2,200 191 
-0.430 1.10 1p700 148 
Area of the electrode = 11. 5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
-4 
OF 3. 42x10 M EDTA IN 0. 001 N H 2so4 + 0. 999 N Na 2so4 
(pH = 3. 59) AT 25°C ON PLATINIZED Pt* 
E E** Ix10
6 ix10 6 
volts (NSE) volts (SHE) amp amp. cm- 2 
0.022 0.648 0.00 0.00 
0.010 0.660 0.80 0.0696 
-0.010 0.680 2.20 0.191 
-0.030 0.700 4.20 0.365 
-0.050 0.720 6.90 0.600 
-0.070 0.740 11.0 0.957 
-0.090 0.760 17.0 l. 48 
-0.110 0.780 25.0 2.17 
-0.130 0.800 38.0 3.30 
-0.150 0.820 61.0 5.30 
-0.170 0.840 96.0 8.30 
-0.190 0.860 150 13.0 
-0.210 0.880 230 20.0 
-0.230 0.900 335 29. 1 
-0.250 0.920 430 37.4 
-0.290 0. 960 390 33.9 
-0.330 l. 00 390 33.9 
-0. 390 l. 06 390 33.9 
-0.430 l. 10 400 34.8 
Area of the electrode = 11. 5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF l.027x10-4 M EDTA IN 0.001 N H 2so4 + 0.999 N Na 2so4 
(pH= 3. 72) AT 25°C ON PLATINIZED Pt* 
E E** Ix10 6 ix10 6 
volts (NSE) volts (SHE) amp amp.cm- 2 
0.025 0.645 0.00 0.00 
0.010 0.660 0.60 0.0522 
0.000 0.670 l. 20 0.1044 
-0.010 0.680 l. 90 0.165 
-0.030 0.700 3.60 0.313 
-0.050 0.720 5.70 0.496 
-0.070 0.740 8.00 0.696 
-0.090 0.760 11.0 0.957 
-0.110 0.780 16.0 l. 33 
-0.130 0.800 24.0 2.09 
-0.150 0.820 37.0 3.22 
-0.170 0.840 59.0 5.13 
-0.190 0.860 92.0 8.00 
-0.210 0.880 138 12.0 
-0.230 0.900 190 16.5 
-0.250 0.920 200 17.4 
-0.310 0.980 150 13.0 
-0.370 1.040 130 11. 3 
-0.430 1.100 120 10.3 
Area of the electrode = 11. 5 cm 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC OXIDATION 
OF 3.42x10-S M EDTA IN0.001 N H 2so4 + 0.999 N Na 2so4 
(pH = 3. 80) AT 2 5°C ON PLATINIZED Pt * 
E E** Ix10 
6 
ix10 6 
volts (NSE) volts (SHE) amp amp.cm- 2 
0.005 0.665 0.00 0.00 
-0.010 0.680 0.90 0.0783 
-0.030 0.700 2.30 0.200 
-0.050 0.720 3.80 0.330 
-0.070 0.740 6.10 0.531 
-0.090 0.760 9.00 0.783 
-0.110 0.780 13.0 1.13 
-0.130 0.800 17.0 l. 48 
-0.160 0.830 32.0 2.78 
-0.190 0.860 58.0 5.04 
-0.210 0.880 79.0 6.87 
-0.230 0.900 81.0 7.05 
-0.330 l. 00 68.0 5. 9 2 
-0.430 1.10 62.0 5.38 
Area of the electrode = 11 . 5 em 2 




THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC 
OXIDATION OF 3. 42x1 0- 2 M EDTA IN 1 N NaOH 
(pH= 12. 85) AT 25°C ON PLATINIZED Pt* 
E E** Ix10 6 ix10 6 
-2 
volts (NCE) volts (SHE) amp amp. em 
0.156 0.124 0.00 0.00 
0.140 0.140 0.70 0.0608 
0.130 0.150 1.10 0.0957 
0.120 0.160 l. 40 0.122 
0.100 0.180 l. 90 0.165 
0.070 0.210 2.70 0.235 
0.040 0.240 2.80 0.244 
0.000 0.280 2.70 0.235 
-0.040 0.320 2.70 0.235 
-0.080 0.360 2.80 0.244 
-0.140 0.420 3.10 0.270 
-0.200 0.480 3.60 0.313 
-0.240 0.520 7.00 0.608 
-0.270 0.550 13.8 l. 20 
-0.300 0.580 28.0 2.44 
-0.330 0.610 63.0 2.70 
-0.350 0.630 114 9.92 
-0.380 0.660 260 22.6 
-0.410 0.690 470 40.8 
-0.470 0.750 2,100 183 
-0.540 0.820 18,000 1,565 
-0.600 0.880 52,000 4,520 
-0.680 0.960 90,000 7,830 
-0.760 l. 04 136,000 11,800 
-0.820 1.10 180,000 15,650 
Area of the electrode = 11. 5 em 2 





THE CURRENT-POTENTIAL RELATIONSHIP FOR THE ANODIC 
OXIDATION OF 1. 027x10-1 M EDTA IN 1 N NaOH 
(pH= 12.77) AT 25°C ON PLATINIZED Pt* 
E** 
6 
ix10 6 E Ix10 
volts (NCE) volts (SHE) amp amp. cm-2 
0.167 0.113 0.00 0.00 
0.150 0.130 2. 10 0.183 
0.130 0.150 3.30 0.287 
0.100 0.180 5.00 0.435 
0.070 0.210 6.10 0.531 
0.030 0.250 6.70 0.582 
-0.020 0.300 6.70 0.582 
-0.100 0.380 6.80 0.592 
-0.180 0.460 8.50 0.740 
-0.250 0.530 23.0 2.00 
-0.280 0.560 49.0 4.26 
-0.310 0.590 102 8.87 
-0.340 0.620 240 20.9 
-0.370 0.650 490 42.7 
-0.410 0.690 980 85.3 
-0.460 0.740 2,500 218 
-0.500 0.780 4,400 383 
-0.540 0.820 8,200 713 
-0.600 0.880 20,000 1,740 
-0.680 0.960 47,000 4,080 
-0.740 l. 02 75,000 6,530 
-0.820 l. 10 122,000 10,600 
Area of the electrode = 11. 5 em 2 
E = Eref- Em' where Eref = 0. 28 v 
48 
VITA 
Howard Ho-Wei Jiang was born on April 26, 1942, in Shantung, 
China. He graduated from high school in 19 60. He entered the Chung 
Yuan Christian College of Science and Engineering and graduated with 
a B. E. degree in Chemical Engineering in June 19 6 5. 
49 
After graduation, he served in the Chinese Army for a period of one 
year and was assigned as a second lieutenant. He was employed by 
Construction Board for Hsinchu Nitrogen Fertilizer Factory, Taiwan 
Fertilizer Corp. in July 1966. Fourmonths later, he transfered to the 
Kaohsiung Refinery, Chinese Petroleum Corp. , as a chemical engineer 
in China-Gulf lube oil plant. 
He came to the United States and enrolled in the Graduate School 
of the University of Missouri-Rolla in September, 1969. 
